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KEY MESSAGES
• The Environmental Protection Agency’s (EPA’s) Water Quality Exchange (WQX) and the Water Quality Portal
(WQP) are the nationally accepted data systems used for submitting, storing, and retrieving water quality data. They
were designed using strict water quality data standards, facilitate accessibility, and make the data discoverable as
recommended by the Internet of Water (IoW).
• The South Carolina Department of Health and Environmental Control (SCDHEC), along with their community
partners, have demonstrated successful data publishing and incorporation of federal, state, tribal, and community
partner data from WQP into research studies and decision making.
• We encourage all water quality partners in South Carolina, especially authors who publish their research in the
Journal of South Carolina Water Resources, to make their data publicly available through WQX/WQP because it
allows others to build on original research, increases data inclusion in SCDHEC water quality assessments, and
facilitates the public communication of water quality information through EPA’s How’s My Waterway.

INTRODUCTION

The Internet of Water (IoW) is an Aspen Institute born
concept that supports and builds on these FAIR data principles for water data specifically—prioritizing making data
accessible and discoverable—it proposes publishing water
data with standardized metadata (Aspen Institute 2017). The
Water Quality Exchange (WQX) and the Water Quality Portal1 (WQP) are the nationally accepted and recommended
data systems for standardizing (WQX) and accessing (WQP)
water quality monitoring data for use in decision making.
In the following sections, we demonstrate why WQX/WQP
are valuable to journals and researchers and the best place to
publish water quality data. We also provide a use case that
highlights how the South Carolina Department of Health
and Environmental Control (SCDHEC) is already using data

Academic journals around the world now suggest or require
authors to place their research data in a repository that
follows findable, accessible, interoperable, and reusable
(FAIR) data principles and provides a way to archive the
data using a persistent identifier such as a Digital Object
Identifier (DOI) (Geng et al. 2007; NIH 2016; Akers et al.
2019). However, current practices for publishing data do
not require that it be made accessible via web services (i.e.,
methods for communicating and transferring machinereadable data between devices in different file formats over a
network) or take into consideration standardization of format
or terminology of the specific type of data being submitted
(in this case, water quality monitoring data). Data is much
more valuable beyond its intended purpose (e.g., for reuse in
research and decision making) when published in a standard
format along with essential metadata (Sprague et al. 2017).
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1. The Water Quality Portal (WQP) is the premiere source of discrete
water-quality data in the United States and beyond. This cooperative
service integrates publicly available water-quality data from the United
States Geological Survey (USGS), the Environmental Protection Agency
(EPA), and over 400 state, federal, tribal, and local agencies.
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should be on increasing the potential use and integration
of existing public data, regardless of the standards under
which the data were initially collected. Over time, data
producers and users will iteratively arrive at data standards
and protocols that are appropriate to meet their respective
needs” (Aspen Institute 2017) (Figure 1). Therefore, all data
should first and foremost be accessible to the public. WQX/
WQP mirrors the recommendations of the IoW and currently
allows every type of water quality data to be integrated and
reused across federal, states, tribes, communities, and all
other water quality programs. Research data, including data
used for the Journal of South Carolina Water Resources,
would be more accessible and discoverable with water data
nationwide when made available through WQP.

from WQP to improve their understanding of water quality
issues, make data-informed decisions, and facilitate water
quality improvements in South Carolina. We emphasize
how future WQP data submissions from the Journal of South
Carolina Water Resources authors can be reused broadly for
local, regional, and national water quality assessments and in
applications like EPA’s How’s My Waterway.2 We propose all
researchers consider WQX/WQP as both a data source and
repository for data from their relevant water quality projects.

WQX AND WQP: DATA SHARING AND INTERNET
OF WATER (IOW) RECOMMENDATIONS
STANDARDIZATION AND METADATA

WQX is a widely adopted standard that identifies required
metadata for each data type to ensure informed decisionmaking and provides all data with standard values. The
data submitted must meet metadata requirements such as
the inclusion of laboratory methods and detection limits
to be fit for use (Larsen et al. 2016). WQX data standards
were developed using best available scientific knowledge
and input from the water quality monitoring community
nationally. WQX creates a culture of data sharing by hosting
monthly user community calls, maintaining, and improving
capabilities, and providing user support. For example, the
EPA deployed a new Quality Assurance/Quality Control
(QAQC) service for WQX because the WQX user community
recommended it. This service will help ensure data is of high
quality because one of the biggest barriers to sharing data is
an assumption that data are of variable or insufficient quality
(Brasier et al. 2017). By standardizing data using WQX, the
data can be more readily integrated into research studies,
water resource management, and decision-making processes
(Patiño-Gomez et al. 2007).

FULFILLING DATA PUBLISHING REQUIREMENTS

WQX data are made available through WQP and can be found
through a persistent WQP web services URL. This functions
similarly to a DOI because it is a persistent link that can be
shared and referenced in publications or other documents
such as state Clean Water Act Sections 303(d)/305(b)
Integrated Reports. The WQX data stewardship process
allows data owners to edit data when necessary. To ensure
the data published is left unchanged, the data owners simply
do not edit the information, and it will remain intact for
publication reuse. This model has been particularly effective
because it has allowed data owners to host and manage their
data as it works best for their programs while also integrating
data nationally. This method for publishing data is applicable
to all journals and authors that want to publish water quality
papers/data. However, those individuals who use WQP as
their source for research data would not be able to utilize this
concept because they would be republishing data that already
exists in WQP. In that case, researchers can simply cite4 WQP
as a data source and include the persistent WQP web services
URL in their reference (Figure 2). The WQP team is also
exploring the possibility of providing DOIs for authors who
utilize the WQP as their data source for research.

ACCESSIBLE & DISCOVERABLE: CONNECTED TO THE
HYDROGRAPHY AND MADE AVAILABLE VIA WEB SERVICES

Data made available through WQP is accessible through
web services and discoverable because it is indexed to the
local hydrography [e.g., National Hydrography Dataset Plus3
(NHDPlus)]. This allows for WQP data to be shared with the
public through applications like EPA’s How’s My Waterway,
which combines and presents accessible and discoverable
water data from separate Clean Water Act (CWA) and Safe
Drinking Water Act (SDWA) programs data to one map
location for easy public access. This innovative approach to
integrating accessible and discoverable data can be broadly
applied to information published in data portals parallel
to WQX/WQP. The IoW Aspen report states, “the priority

DATA REUSABILITY

Publishing to WQP would fulfill the requirement for an
author to make research data available for reproducible
results while simultaneously providing that data for reuse
in a robust, standardized format. Author research data is
typically shared to a repository of choice as a data load
in any format the author desires. This dynamic creates a
barrier for reuse, particularly in state CWA 305(b) & 303(d)
that enhance stream-network navigation, analysis, and data display” (Viger
et al. 2016).

2. How’s My Waterway was created to eliminate barriers to visualizing and
interpreting water quality results for the public (EPA 2021).

4. National Water Quality Monitoring Council, 2021, Water
Quality Portal, https://www.waterqualitydata.us/data/Result/
search?statecode=US%3A45&siteType=Stream&organization=MRC
&mimeType=csv&zip=yes

3. The NHDPlus is, “a nationally seamless network of stream reaches,
elevation-based catchment areas, flow surfaces, and value-added attributes
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Figure 1. The text box image describes existing widely adopted data standards
including WQX. Sourced from the Aspen Institute report on Internet of Water:
Sharing and Integrating Water Data for Sustainability.

Figure 2. The Water Quality Portal provides the web service link which matches the data query entered in the interface. This link will
resolve to the stream data in South Carolina for MRC which is the Organization ID for the Midland Rivers Coalition. The data can always
be shared and retrieved using the web service link.

assessments (Integrated Reports) because although the
data are available, the data are not standardized. The CWA
section 106e indicates all grant recipients must submit water
quality data to WQX (CWA 1972), and the Code of Federal
Regulations requires states to evaluate all readily available
data in developing their Integrated Reports (40 C.F.R.
§130.7(b) (5)). Therefore, researchers who provide their data
to WQX will also be making their data readily available for
consideration in the Integrated Reports for their perspective
states and all other data reuse purposes. The SCDHEC serves
as an excellent use case for meeting federal regulations while
establishing a successful data sharing relationship.

Report every two years. For this analysis, the agency must
use all readily available data. Oftentimes, the data submitted
to the agency for use are not formatted the same as agency
data, and the data are not always publicly available, which
makes it difficult to include in analyses. To address this issue,
SCDHEC requires all data that are collected under an agency
or EPA approved Quality Assurance Project Plan (QAPP) be
standardized using WQX and made accessible through WQP.
The Midlands Rivers Coalition, the Congaree Riverkeeper, and the Charleston Waterkeeper are three community science groups that have collaborated with SCDHEC
to get a QAPP approved and worked with SCDHEC staff to
upload all data that has been submitted to the agency to date.
SCDHEC has developed custom templates for each entity’s
data to simplify WQX upload process and help these entities
to submit the data. To ensure data ownership is retained with
the community science groups, SCDHEC helps the group
establish a WQX data account to independently publish and
maintain their data. The data are now accessible in the exact

WQX AND WQP USE CASE: SOUTH
CAROLINA DEPARTMENT OF HEALTH AND
ENVIRONMENTAL CONTROL (SCDHEC)
As a delegated authority under the Clean Water Act since
1975, SCDHEC is responsible for creating an Integrated
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same format as SCDHEC, and the data are discoverable to
the public.
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CONCLUSION
Data repositories do not typically require data to be placed
in a standardized format or provide services that help make
the data easily discoverable and accessible for reuse beyond
its intended collection purpose. Placing water quality data
into the WQP through WQX will ensure it remains valuable
over time and will contribute to the betterment of water
research and decision-making across the nation. WQX/
WQP data systems follow IoW recommendations, and by
standardizing the information using WQX, that data will be
accessible and discoverable from WQP for reuse in scientific
studies and decision making. SCDHEC, along with their
community partners, have already demonstrated successful
data publishing and incorporation of WQP data into decision
making. Along with making the data available, WQP can
serve as a repository for the research data. Data from the
South Carolina Journal of Water Resources and other data
generated from projects funded by entities such as the
South Carolina Sea Grant Consortium (SCSGC), SCDHEC,
and Clemson University’s South Carolina Water Resources
Center would be an excellent addition to WQP because
the information collected for advancing research in water
resources would complement the decision making within
South Carolina. It will also allow for others to reproduce the
results, build on the original research, and will facilitate the
public communication of water quality information through
How’s My Waterway. When the dataset is complete and ready
for publishing, the Journal of SCWR authors could load the
data using WQX and leverage the outbound web services to
provide a direct link to their project information. For further
support in publishing water quality data to WQX, please
contact wqx@epa.gov.
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